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2、对中华白海豚 click 信号进行实际测量，分析 click 信号的时频域特性并











































With the concept of “low carbon economy” is gradually accepted and advocated 
by human in recent years, It’s the new development tendency to minimize the burning 
of fossil fuels and intensify our efforts to develop the clean energy. In the 
development and utilization of clean energy, the technology of wind energy 
development is more mature, and offshore wind energy is an important component of 
the whole wind energy. However, offshore wind farms will radiate lots of noise to the 
sea during the construction period and operation period, especially the process of 
percussive piling operations to fixing the foundation piles, which will radiate 
high-intensitive, instantaneous and wideband pulse signals underwater. Some 
researches show the noise caused by percussive piling underwater can affect the 
behaviors of marine mammals, such as masking its acoustic signal, and even 
damaging its hearing organ. 
Chinese white dolphin(Sousa chinensis), which mainly distributes in the 
southeast coast in our country, is the first-class national protected animals. They use 
echolocation signal for underwater target detection and recognition and use acoustic 
signal to communicate between individuals, which is an important tool for them to 
survive in their living environment. The noise radiated from underwater pile-driving 
and offshore wind turbine may cause hearing damage to Chinese white dolphins and 
mask their underwater sound, which may finally affect their normal life activities. 
In order to protect the Chinese white dolphin, and mitigate the impact from 
underwater noise radiated from underwater pile-driving and operational offshore wind 
turbine,we need to monitor underwater noise radiated from underwater pile-driving 
and operational offshore wind turbine. through combining time and frequency domain 
analysis of noise radiated from underwater pile-driving and operational offshore wind 
turbine with acoustic signal characteristics of Chinese white dolphin, we can 
understand whether underwater noise radiated from underwater pile-driving and 
operational offshore wind turbine will affect the hearing and acoustic signal of 
Chinese white dolphin, and assess their impact on the scope and extent of Chinese 

















The main contributions of this paper are as follows: 
1.Introduce the acoustic characteristics of Chinese white dolphins,the acoustic 
characteristics of noise radiated from underwater pile-driving and operational offshore 
wind turbines and the impact on marine mammals in detail,And introducing the 
research equipment about monitoring of underwater noise and method of signal 
process.  
2.Recorde the clicks of wild Chinese white dolphin, analyse the time and 
frequency domain characteristics of their clicks and estimate its source level,compare 
characteristics of clicks from chinese white dolphin between Xiamen sea and  
Leizhou Bay. 
3.Record underwater pile-driving noise, analyze its time-frequency domain 
characteristics,calculate the acoustic parameters of underwater pile-driving 
noise,study the propagation characteristics of underwater pile-driving noise; Assess 
the impact of underwater pile-driving noise on hearing and behaviors of Chinese 
white dolphin base on the dBht (species) parameters, and discuss the masking effect of 
underwater pile-driving noise on them. 
4.Record underwater noise of operational offshore wind turbine,then analyze its 
time-frequency domain characteristics; Assess the impact of noise radiated from 
operational wind turbine on hearing and behaviors of Chinese white dolphin base on 
the dBht (species), discuss the masking effect of noise of operational wind turbine. 
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表 1.1 2012 年世界海上风电装机总容量排名前 13 的国家[1] 
        Table 1.1 The top 13 countries of offshore wind farm capacity in 2012[1] 





    1 英国 2947.9 1423.3 
2 丹麦 921.0 63.4 
3 中国 389.6 167.3 
4 比利时 379.5 184.5 
5 德国 280.3 65.0 
6 荷兰 249.0 0 
7 瑞典 164.0 0 
8 芬兰 30.0 0 
9 日本 25.3 0 
10 爱尔兰 25.2 0 
11 西班牙 10.0 0 
12 挪威 2.3 0 
13 葡萄牙 2.0 0 
总计 5426.1 1903.8 
 
根据世界风能协会最新一期的调查报告，截至 2013 年 6 月，世界风电装机
总容量达到 296 GW[2]。由于海上风力资源丰富，且海上风电场远离人群，不会
造成噪声污染，因此世界各国加紧海上风电发展步伐。自 1991 年瑞典建成世界
上第一座海上风电场以来，目前已有 13 个国家涉足海上风电领域，表 1.1 为 2012
年这 13 个国家海上风电场装机容量，英国是世界上海上风电装机总容量最大的




















深低于 20 m）风能潜力达到 750 GW，这是陆地上风能潜力总量（250 GW）的
3 倍。中国第一个海上风电试点工程部署在渤海湾的 36-1 油田，该工程仅包含 1
座装机容量为 1.5 MW 的风机，并于 2007 年 11 月并网发电。我国第一座商业性
质的海上风电场是上海东海大桥海上风电场，它共包含 34 台容量为 3 MW 风机，
并于 2010 年 6 月并网发电。我国第一座潮间带风电场于 2010 年 9 月底并网发电，
它位于江苏如东，由 16 座风机组成且装机总容量为 32 MW。在 2010 年 5 月，












管，直径为 3～6 m，适用于 25 m 以下水深。 
(2)三脚架型(Tripod)：它由三根圆柱形钢管组成一个三脚支撑结构，每根钢
管直径为 1～2 m，适用于 25 m 到 50 m 水深。  
(3)钢管架型(Jacket)：它由四根圆柱形钢管组成一个四脚支撑结构，主要用


















图 1.1 单桩基型、三脚架型和钢管架型桩基结构海上风机示意图 
   Fig. 1.1 The schematic of monopile,tripod and jacket of offshore wind turbine 
 
世界上大部分海上风电场建设在水深低于 25 m 的浅海[6]，根据不同桩基适
用水深条件，可以推测海上风电场风机桩基以单桩基型为主。单桩基固定作业中
选择冲击式打桩和振动式打桩，图 1.2 为这两种打桩形式的示意图。 
 
       
图 1.2 冲击式打桩示意图（左）夹紧钢桩的 PVE 300M 振动打桩锤（右） 


















Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways: 
1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library. 
2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.
